Tissues fured with organic solvent fixatives such as Carnoy's solution are known to give poor and erratic results with in situ hybridization, whereas those fixed with paraformaldehyde produce more consistent results. ' Ib undemand this difference and to improve the utility of Carney's-fured tissue for in situ hybridization, we explored several parameters of RNA integrity and preservdtion. Camoy's-fixed, p"ffm-embedded livers and paraformaldehyde-fured, paraffin-embedded livers of mice were compared for RNA extractability, degradation, and hybridizability. In addition, retention of RNA in tissue sections after sequential in situ hybridization treatments was compared. RNA was found to be easily extractable from Carnoy's-fured liver and was well preserved, with only slight degradation of high molecular weight RNA. Conversely, only a small percentage of the RNA was extract-able from paraformaldehyde-fted liver unless the tissue was digested with protease. The extracted RNA was well preserved, without detectable degradation. Sections of tissue fixed in Camoy's solution subjected to in situ hybridization retained only about 10% of their original RNA content and gave correspondingly weak in situ hybridization signals. Formaldehyde-fted tissues retained much more of the RNA (about 45%) and produced strong in situ hybridization signals. Treatment of Camoy's-fured tissue sections with vaporous formaldehyde increased retention of RNA and provided in situ hybridization signals comparable with those of paraformaldehyde-fted tissues. ( J Hisrochem Cyrochem 40: [1879][1880][1881][1882][1883][1884][1885] 1992) 
Introduction
Detection of mRNA by in situ hybridization requires the preservation of the mRNA, and visualization of the protein with antibodies requires the preservation of its antigenicity. The commonly used fmtive formaldehyde, in its various combinations, in many cases modifies critical antigenic determinants of proteins while allowing nucleic acids to retain substantial amounts of hybridizability (see reviews in 22). On the other hand, the widely used organic solvent fixatives, such as alcohols or Carnoy's solution, employed for protein immunohistochemistry (1, 6, 16) , are well known for producing erratic results with in situ hybridization (10, 12) . No systematic study of the reasons for the erratic hybridization results on tissues fixed with the organic solvents has been reported. In examining the possible reasons for the erratic behavior of tissues after fixation by Camoy's method, we considered the following as potential causes: (a) the RNA might be lost in some stage of the processing; (b) the RNA might be degraded sufficiently to be unreactive; and (c) if Supported present, the RNA might be in a form unable to react with the appropriate probes. To examine these possibilities, we compared Carnoy's-fixed. paraffin-embedded livers and formaldehyde-fixed, paraffin-embedded livers of mice for RNA extractability, integrity, and hybridizability. In addition, retention of RNA in tissue sections was examined at each stage of the procedures involved in the hybridization procedure. We show here that after fixation in Carnoy's solution RNA is well preserved, with only slight degradation of high molecular weight RNA. H m r , the RNA is easily extracted during the hybridization sequence. On the other hand, paraformaldehyde-fixed tissues retained largely intact RNA which could be released by protease digestion. On the basis of this finding we devised a procedure for retaining the RNA of Camoy's-fixed, paraffiiembedded tissues which enables the use of the same tissue blocks for in situ hybridization and immunohistochemistry.
Materials and Methods
Tissue Fixation Procedures. As the principal item of observation we used the acute-phase protein serum amyloid A (apoSAA) and its mRNA, found in the liver (15) . This system is good because the mRNA level in control animals is very low and is elevated 100to 1000-fold in response to a variety of inflammatory conditions; therefore, unstimulated animals as well as sense probes provide controls. Established procedures for minimiz-URIELI-SHOVAL, MEEK, HANSON, FERGUSON, GORDON, BENDITT ing RNAse activity and contamination (19) were applied throughout the study. Balblc mice, 2-3 months old, received an IP injection of 10 pg lipopolysaccharide (LPS) (Difco Bacto: Detroit, MI: E. coli Olll:B4) in 0.2 ml PBS or an SC injection of casein (0.5 ml of 10% wlv suspension) (15) . At 18-20 hr post injection, mice were anesthetized with ether: livers were immediately removed, cut into pieces (2-3-mm cube for Figure 1 and 6-7mm cube for all others) and subjected to one of the following procedures (see also Table 1 ): (a) snap-freezing in OCT compound (Tissue-Tek; Miles, Elkhart, IN) at -70°C (isopentane chilled by liquid nitrogen) without prior fixation: (b) fixation for 2 hr at 4°C in freshly prepared (every 2 weeks) 4% paraformaldehyde (Sigma: St Louis, MO) in 0.1 M sodium phosphate, pH 7.4, followed by immersion for 2 hr at 4'C in 15% sucrose solution, then snap-freezing in OCT compound as described above (24, 25) : (c) fixation overnight at 4'C in 4% paraformaldehyde (prepared as in b), then paraffin embedding (as described below); (d) fixation overnight at room temperature (20-22'C) in Carnoy's fixative [methanollchloroformlglacial acetic acid, 60:3010 (vlvlv) ]. then paraffin embedding (this is Carnoy's fixative modified by the substitution of methanol for ethanol); (e) fixation in Carnoy's as in d, followed by formaldehyde vapor post-fixation as described below; (f) fixation in 95% ethanol overnight at room temperature, then paraffin embedding: (g) fixation in 10% commercial buffered neutral formalin (Baker, Phillipsburg, NJ) overnight at room temperature, then paraffin embedding; (h) fixation overnight at 4'C in Carnoy's, additional overnight fixation in fresh 4% paraformaldehyde at 4"C, then paraffin embedding: and (i) fixation in 4% paraformaldehyde/O.l% glutaraldehyde (Baker) overnight at room temperature (20), then paraffin embedding. Following are details of the paraffin-embedding procedure, which was done manually at 150 (vlv) ratio of tissue to fluid. Formaldehyde-fixed tissues were dehydrated in 70% methanol, 80% methanol (30 min each), 100% methanol (twice for 60 min), and xylene (twice for 30 min), all at room temperature. The tissues were then infiltrated with paraffin (PolyFin; Triangle Biomedical Sciences, Durham, NC) (three times for 30 min at 60'C). Carnoy's-fixed tissues were treated with 100% methanol (twice for 60 min). xylene (twice for 30 min), and paraffin (twice for 30 min at 60'C). Blocks were formed on a Tissue-Tek embedding console (Miles Scientific; Naperville, IL). Paraffin blocks were stored at room temperature and used within 2 years; mounted sections were used immediately or stored in closed boxes at room temperature until used (up to 6 months). Tissue sections 5 pm thick were cut and mounted on coated slides (0.1% poly-D-lysine hydrobromide, MW 30,000-70,000) (Sigma). OCT tissue blocks were stored at -70'C and used within 2 years: mounted sections were stored at -70'c in closed boxes for up to 2 weeks; sections were cut and mounted as described for paraffin sections.
Effects of vaporous formaldehyde post-fixation on Carnoy's fixed tissue (Procedure e) were assessed by incubating mounted sections of such tissue at 5 5 'C for various lengths of time, from 1-24 hr, in a desiccator containing solid paraformaldehyde. Vapor-fixed tissue sections were processed for in situ hybridization.
All animal handling was performed in accordance with the NIH Guide for the Care and Use of Laboratory Animals and applicable University policies and procedures.
RNA Preparation and Northern Blot Analysis. RNA was isolated from tissue blocks which were prepared as described above. Tissues embedded in paraffin were deparaffinized in xylene (three times for 30 min), hydrated in graded aqueousethanolsolutions (loo%, 95%, 70%. 30 min each), washed in PBS (30 min), all at room temperature, and stored at -70°C until used for RNA extraction. For tissues embedded in OCT, the OCT was melted and washed out with cold PBS. Tissues were pulverized under liquid nitrogen and RNA was isolated by the acid-guanidinium-phenol-chloroform method of Chomczynski (3) and designated "primary RNA." An insoluble pellet was recovered from the extraction of each tissue, washed in ethanol, re-suspended in 20 mM Xis-HCI, pH 7.5, digestedwith proteinase K (0.25 mglml for 45 min at 37"C), and subjected to the RNA extraction proce-dure (3) again. RNA recovered from this material is the "secondary RNA." The amounts of RNA recovered were calculated from the absorbance at 260 nm and adjusted per gram of starting tissue. The values obtained were expressed as percentage of the value of snap-frozen control tissue (Procedure a) representing 100%. Northern blot analysis was performed as previously described (14) .
Probe Preparation. The 110-nucleotide apoSAA probe was transcribed from p125 (14) . The plasmid was linearized with Hind 111 (anti-sense) or EcoR I (sense) and 1 pg in a 20-pI volume was transcribed (Promega Biotec; Madison, WI) in the presence of [a32P]-UTP (ICN 3000 Cilmmol) or digoxigenin-labeled UTP (Boehringer; Mannheim, Germany). A 1200 BP PstI fragment from the al-anti-chymotrypsin plasmid (phACT235, a gift from S. Woo) (2) and a plasmid containing the 28s ribosomal RNA (a gift from R. Moon) were labeled, 30 ng in a SO-pl volume, by the Multiprime DNA labeling system (Amersham: Poole, UK) using [ Q~~P I -~C T P (ICN 3000 Cilmmol). Labeled probes were separated from unincorporated nucleotides by filtration through AcA-54 (IBF Biotechnics: Savage, MD) in 0.1 M NaCll5 mM EDTA110 mM Tris-HC1, pH 7.5. Aliquots (1 pl) of column fractions were analyzed by scintillation counting of 32P-labeled probes or by spotting the digoxigenin-labeled cRNA on nitrocellulose membrane, followed by immunological detection (Boehringer). Fractions of the peak incorporation were pooled. The quantity of 32P-labeled pl25 cRNA was calculated, from the specific activity of the [32P]-UTP and the recovered cpm, to be 6 x lo1 cpm/ng. Specific activity of random prime-labeled cDNAs was 2-4 x lo6 cpmlng of input cDNA.
In situ hybridization probes were precipitated by the addition of two volumes of ethanol, recovered by centrifugation at 13,000 x g, and dissolved in 20-60 pI of 10 mM Xis-HCI, pH 7.511 mM EDTA. For each slide to be hybridized 6 x lo1 cpm of [32P]-cRNA or 2-10% of the digoxigenin-cRNA was diluted in 50 p1 of hybridization buffer.
In Situ Hybridization. In situ hybridization was performed using procedures previously described (15, 24) . Paraffin-embedded sections were deparaffinized (in xylene three times for 10 min), rehydrated with graded ethanol solutions (three times in loo%, twice in 95%, once in 70%, 1 min each), washed with 0.5 x SSC, digested with proteinase K (5 pglml, in 0.5 M NaClllO mM Tris-HCI, pH 8.0, 30 min, 37"C), washed with 0.5 x SSC (twice for 2 min), post-fixed in 4% paraformaldehyde (10 min, room temperature), washed with 0.5 x SSC (three times for 2 min), and then hybridized with a standard hybridization buffer (see below). The sections embedded in OCT were post-fixed in 4% paraformaldehyde (10 min. 4'C), washed with 0.5 x SSC (5 min, room temperature), digested with proteinase K (10 min, room temperature), and washed again. Pre-hybridization and hybridization were done without coverslips in sealed boxes containing filter paper saturated with 4 x SSCI50% formamide at 50°C. Sections were pre-hybridized in 100 pl hybridization buffer (50% deionized forma-midel0.3 M NaCll20 mM Tris-HCI, pH 8 . 0 / 5 mM EDTA11 x Denhardt'sl104b dextran sulfate) for 1-2 hr at 50°C. Hybridization was initiated by addition of 50 pI hybridization buffer containing the labeled apoSAA riboprobe and was allowed to proceed for 15-18 hr at 50'C with gentle rotation at 20 rpm on an incubator-shaker (Lab Line Orbital Environmental Shaker). After hybridization the sections were washed with 0.5 x SSC (twice for 2 min), treated with RNAse (Sigma) (20 pglml, 30 min, room temperature), washed in 2 x SSC (twice for 2 min), followed by 0.1 x SSCIO.S% Tween 20 (Sigma) (three times for 20 min, 37'C) (23), washed with 2 x SSC (three times for 2 min) and air-dried. These post-hybridization washes produced specific hybridization with good tissue morphology preservation and reduced loss of sections from slides. For detecting the 32P-labeled hybridized probe, sections were subjected to X-ray film autoradiography. For detection of the digoxigenin-labeled hybridized probe, sections were treated using a digoxigenin detection kit (Boehringer), except that the chromogenic agents nitroblue tetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP) (Boehringer) were replaced by alkaline phosphatase sub-strate kit I11 (Vector Laboratories; Burlingame, CA). Color development was done at room temperature and took from 20 min to4 hr. Development time for the sections in Figure 6 was 30 min. Some sections were counterstained (50 mg acridine orange, 200 mg safranin 0 in 150 ml Tris-buffered saline).
uridine In Vim Labeling. To mevure cellular RNA retention in tissue sections undergoing the in situ hybridization procedure. RNA was labeled in vivo with [ 'HI-uridine. Three mice were intraperitoneally injected with t w doKs (150 pCi each) of uridine (5.6-'H] (NEN; Boston. MA). 15 and 17 hr after LPS injection. as described above. Then. 18 hr after the LPS injection. liven were removed, cut into small pieces (2-3mm'). and pooled. Pooled times w e e divided into groups and each group was t m t e d by one ofthe fmtion procedures described above. Tissue blocks were sectioned at 5-pm thickness and sections were mounted on slides. To measure [ 'HI-RNA in tissue sections. slides were broken, placed in xintillation vials (one section per vial) containing 10 ml of scintillation fluid (Bio Safe 11; Research Products International. Prospect. IL), and counted in a scintillation counter (Beckman LS 5000 CE).
hunohinochcmistry. Immunohistochemistry was carried out as previously described (15) . Briefly. fixed and embedded tissue sections were deparaffinized in xylene. incubated in 0.7% H202 in PBS for 30 min.
washed in PBS twice for 5 min. and then incubated with rabbit anti-apoSM antibodies at 37'C overnight. Antibodies were prepared by affinity chromatography of rabbit anti-mow AA with SAA-rich HDLcoupled to CNBractivated Sepharose 4B (Pharmacia Fine Chemicals: Piscataway. NJ) (11). Secrions were washed with PBS and incubated with biotinylated anti-rabbit IgG for 30 min at room temperature and washed again. Bound second antibodies were visualized with avidin-biotinylated peroxidase complex and 3,3'-diaminobenzidine (Vector).
Results

Efects of TriJue F k t i o n on In Situ mRNA Hybridzation and Immunohistochemistry
Two alcohol-based fmtives (Carnoy's and 95% ethanol) and two aldehyde-based fmtiws (4% paraformaldehyde alone or together with 0.1% glutaraldehyde) were compared for their effectiveness in immunohistochemistry and in situ mRNA hybridization. Sections of liven from control uninjected and cuein-injected mice were hybridized with 3*P-labeled apoSAA riboprobe; parallel sections were treated for apoSAA protein immunodetection (Figure 1 ). The in situ hybridization signals produced by tissue fixed with either Carnoy's ( Figure 1b ) or 95% ethanol ( Figure IC) were barely detectable; however. the immunohistochemical signals were very strong. In contrast. tissue fixed with 4% paraformaldehyde alone (Figure la) or together with 0.1% glutaraldehyde ( Figure Id) produced very strong in situ hybridization but very low immunohistochemical signals. Sections of liven from control mice gave only background or no detectable signal in both assays (not shown).
Integrity and Extractability of RNA fmm Fixed and Embedded Essue
The low apoSAA mRNA insitu hybridization signal in Carnoy'sfixed sections might be due to apoSAA mRNA degradation in the fixed tissue. To examine this possibility, we analyzed RNA extracted from liver samples fixed by the following methods: snap-frozen, as a positive control (SF); 4% paraformaldehyde-fixed. paraffin- , which corresponds to the Northern blot shown, revealed that the RNA prepared from paraformaldehyde-fuccd liver has the characteristic pattern of undegraded RNA with distinct 28s and 18s ribosomal RNA bands. Howcvcr. the 28s ribosomal RNA band was not present in RNA prepared from Camoyf-fixed liver. Rehybridization of the blot with a probe detecting the 28s rRNA revealed that in RNA from liver fixed in Carnoy's the 28s rRNA was degraded to fragments ranging from approximately 4000 to 300 nucleotides long (not shown). In addition, rehybridization of the blot with an al-anti-chymotrypsin (a-1ACT) probe revealed that the Carnoy's derived a-lACT mRNA (approximately 2000 nucleotides) was moderately degraded to fragments ranging from intact mRNA to approximately 600 nucleotides (not shown). The amount of RNA extracted ( s e Materials and Methods) from fixed and embedded liver samples was compared (Figure 3 ). Equivalent amounts 0f"primary RNA" were r e c w c d from Camoy's-fixed.
paraffin-embedded liver (MC) and snap-frozen liver (SF). whereas only about 10% of the RNA was recowred as "primary RNA" from 4% paraformaldehyde-fixed. paraffiin-embedded liver (PF). Most of the RNA of the formaldehyde-fixed liver was recovered by protease digestion and re-extraction of an insoluble pellet which remained after the initial RNA isolation ("secondary RNA"). Even so, the total amount of RNA recowred from formaldehyde-fixed liver was somewhat lower than that obtained from snap-frozen or Carnoy's-fixed liver. The yield of RNA extracted from liver fixed by other formaldehyde-based fixation methods was also determined: 4% paraformaldehyde-fixed, OCT-embedded, 10% commercial formalin, Carnoy's followed by 4% paraformaldehyde (Procedures  b, g, and h, respectively) . In all cases, very little "primary RNA" could be extracted in the absence of protease digestion (data not shown).
RNA Retention in Tissue Sections before Hybridization
The high extractability of RNA from Carnoy's-fixed liver ( Figure  3) suggests that low in situ hybridization signal for apoSAA mRNA in Carnoy's-fixed liver sections is due to loss of RNA from the sections. This possibility was examined as follows. Livers from mice, labeled in vivo with [3H]-uridine, were fixed in Carnoy's and embedded; the RNA retained in tissue sections at the various steps of the in situ hybridization protocol was then assessed (Figure 4) . Only 9% of the starting [3H]-RNA was retained after the complete sequence of pre-hybridization steps. Major losses of [ 3H]-RNA occurred in the steps preceding the proteinase K treatment; 50% in the 100% ethanol wash and an additional 30% in the 0.5 x SSC wash. The enhanced in situ hybridization signal varied U discussed in h e tm. RNA mention was measured on sections that were post-fued ovemight.
The enhanced in situ hybridization signal has k e n variable in our hands: we recommend further testing before its routine UK.
' Not determined.
In Situ Hybridization
Post-fmtion of Camoy's-fixed sections with formaldehyde vapor (Procedure e) dramatically improved in situ hybridization, as shown in Figures 5 and 6 . Examination of effects of duration of exposure to formaldehyde vapor rewaled enhancement of the signal by 2 hr and maximal signal intensity was attained by 5 hr (Figure 5) ; the enhanced signal remained stable through 20 hr of exposure (data not shown). In some experiments. an mmight (approximately 20 hr) formaldehyde post-fixation resulted in a decrease of the enhanced signal (data not shown), probably due to ovcrfixation of the sections leading to excess cross-links which impede penetration of the probe (12) . Because the degree of signal enhancement was found to vary among tissue blocks. wc recommend that a time course of vapor fmtion be performed for each fixed tissue. Figure  6 is a microscopic demonstration of the in situ hybridization performed with an apoSAA probe labeled with digoxigenin and detected by colorimetric assay. Liver sections fixed in Camoy's and post-fixed in formaldehyde vapor ( Figure 6A ). or fixed in 4% paraformaldehyde ( Figure 6B ). produced comparable hybridization signals. No hybridization was detected on Camoy's-fixed liver sections or on paraformaldehyde-fixed liver sections probed with a sense cRNA probe (data not shown). The post-fmtion method was successfully used for performing in situ hybridization on tissues other than liver. Strong apoSAA hybridization was obtained in brain smions fixed in Camoy's and post-fixed in formaldehyde vapor. Specificity of hybridization was ensured, since the apoSAA s e w probe did not hybridize to brain sections. Examples arc shown in Figures 6C and 6D . Similarly, hybridization was not detectable in brain sections fixed in Camoy's alone (data not shown). The relative dficiency of in situ hybridization in smions fixed by the d f i rent fixation procedures is summarized in Table 1 .
Discussion
The aldehyde-based tissue fixatives. such as formaldehyde or glutaraldehyde, have been traditional fixatives of choice for performing in situ mRNA hybridization or combined in situ mRNA hybridization and immunohistochemistry (4.7,10.17.22). Tissues fixed in alcohol-based fixatives such as Camoy's are not efficient targets for in situ mRNA hybridization (10.12) (Figure 1 ). Since many antibodies do not react well with formaldehyde-fixed tissue (1.6) (Figure 1) and since many pathology laboratories fix tissue specimens in Camoy's. it is advantageous to improw the effectiveness of Camoy's-fixed tissue for in situ hybridization so that a single fixed tissue could be used for both protein and RNA analyses.
To do so we studied the effects of several tissue fmtion and embedding procedures on the (a) extractability of total RNA from fixedembedded mouse liver. (b) integrity and hybridizability of serum amyloid A (aposAA) mRNA, which was used as the principal test gene (15) and of some other mRNAs. (c) retention of total RNA in liver sections. and (d) in situ apoSAA mRNA hybridization &Iciency. We conclude that inefficient mRNA in situ hybridization in Camoy's-futed sections (Figure 1) is not due to mRNA degradation (Figure 2) but is due primarily to the loss ofcellular RNA from sections during the treatments More in situ hybridization (Figures  3 and 4) . Efficient in situ hybridization can be achieved in Camoy'sfmed tissue by formaldehyde vapor post-fmtion treatment (Figum   5 and 6) . The principal effect of this treatment is to increase the amount of RNA retained in these sections ( Table 1) . We found a positive relationship betwcen the amount of RNA retained in tissue sections and the corresponding in situ hybridization signal following different fmtion procedures ( Table 1) . Our results correlating RNA content and in situ hybridization are in agreement with results obtained on cell culture preparations (12) . However, the highest levcl of RNA retention (Procedure b) was only 45%. A loss of 55% of the starting RNA (at best) is a concem because it could be non-uniform. RNA loss could depend on RNA length, conformation, intracellular location and association with membranes, the number of ribosomes, the type of tissues, and the degree of tissue fixation. The possibility of selective and variable loss of specific mRNAs should be considered when quantitativecomparative in situ hybridization is interpreted. The 4% paraformaldehyde fixation, OCT-embedding procedure (Procedure b) has been used to detect mRNA transcripts expected to be present at low levels, e.g., growth factors (24, 25) . In our experience this procedure retains a slightly higher level of RNA in tissue sections and gives in situ hybridization signals comparable to or somewhat higher than those of paraformaldehyde-fixed and paraffin-embedded tissue sections (Procedure c). However, the drawback of Procedure b is that it produces inferior tissue morphology; moreover, handling, storing, and sectioning of tissues are inconvenient compared with tissue fixed in Procedure c. We demonstrate here the use of the formaldehyde vapor post-fixation of Carnoy's-fixed, paraffinembedded liver for the detection of the apoSAA mRNA in mouse liver. This method has been successfully used for the detection of apoSAA mRNA sequences in mouse brain ( Figure 6 ) and of histone H3 mRNA (27) in rat spleen and human tonsil (data not shown). Application of the method to other systems may need specific adjustments, particularly when mRNA transcripts are present at low levels. We have found variations in the time of exposure to vaporous formaldehyde required for optimal fixation as well as in the degree of enhancement of the in situ hybridization signal, and we recommend that the time course of vapor fixation be examined for each tissue.
Other useful information arising from this study concerns RNA extraction from fixed and embedded tissue. Methods for extracting RNA from fresh or frozen tissues are widely used (3, 13) . The inability to extract good-quality RNA from tissues that are fixed and embedded prevents studies on previously archived paraffin materials. We as well as others (18,21) have found that RNA can be extracted from formaldehyde-fixed, paraffin-embedded tissue. Although the quantity is low, the RNA is intact even for large transcripts such as the 28s rRNA ( Figure 2 ). In addition, high levels of good quality RNA can be exuacted from Camoy's-fmed, paraffinembedded tissue with only moderate degradation of high molecular weight RNA species (Figure 2 ). When probes detecting RNA of various sizes are used, it appears that degradation of RNA in tissue fixed in Carnoy's is size dependent, affecting mostly high molecular weight mRNA species, although the possibility of selective degradation remains. Some degradation occurs in Carnoy'sfixed tissue but not in tissue fixed in formaldehyde, suggesting that the alcohol-based fixatives are less able to inactivate endogenous RNAse activity. Nevertheless, in cases when Camoy's-fixed, paraffinembedded tissue retains RNA that is moderately degraded, its quantitative hybridization is probably unaffected (18) and it should be suitable for RNA hybridization analyses such as dot-blot hybrid- ization, solution hybridization, and mRNA mapping. Furthermore, these fixed-embedded tissue blocks could probably be used also for DNA hybridization analyses (5,8,9,26 ), but we have not investigated this possibility.
